The purpose of the present study was to evaluate potential diurnal changes in resting coronary blood flow under conditions of comparable myocardial oxygen requirements. We studied 21 conscious, resting dogs instrumented for the measurement of coronary flow, left ventricular pressure, and regional myocardial segment length. Recordings were taken in the early morning and late afternoon. In the afternoon, left circumflex coronary blood flow was 12.8% higher than in the morning, without detectable changes in the major hemodynamic determinants of myocardial oxygen consumption, i.e., heart rate, left ventricular pressure, peak positive dP/dt, end-diastolic regional myocardial dimension, and regional myocardial stroke work. These results are consistent with a circadian variation of coronary vascular tone accompanied by compensatory alteration in myocardial oxygen extraction and may have clinical relevance, since the coronary vascular tone may change dynamically in patients with critical coronary stenosis.
IT HAS BEEN demonstrated that coronary blood flow changes in proportion to myocardial oxygen demands.1 However, the relationship of flow to metabolic activity is also affected by alterations in coronary vasomotor tone mediated by a-adrenergic receptors of coronary arteries.`4 Furthermore, under various conditions, it has been shown that myocardial oxygen delivery can be modified not only by changes in coronary inflow, but also by changes in oxygen extraction ratios in the myocardium.2 3 Epstein and Talbots postulated that the coronary vascular tone may change dynamically in patients with critical coronary stenosis. Recently, Rocco et al. 6 have demonstrated that a significant circadian variation of transient myocardial ischemia exists in patients with chronic stable symptoms of coronary artery disease. Yasue et al.7 showed that vasomotor tone changes diurnally in patients with Prinzmetal's angina, as determined angiographically by differences in coronary diameter before and after administration of nitroglycerin. However, the existence of such a diurnal variation in vascular tone has not been documented in normal human beings and experimental animals. Ac-cordingly, we hypothesized diurnal variations of coronary vasomotor tone that would be reflected by diurnal variations in coronary flow under conditions of constant, low myocardial metabolic requirements in which blood oxygen extraction reserve is not exhausted.
Methods
Twenty-one healthy adult mongrel dogs weighing 20 to 30 kg (mean 26) were surgically prepared for subsequent long-term studies. Under sterile conditions, the left circumflex coronary artery (LCCA) was carefully dissected free near its origin to minimize damage to the perivascular nervous tissue.' A 4 mm pulsed Doppler ultrasonic flow probe was placed around the vessel. A high-fidelity micromanometer (Konigsberg P22) was inserted into the left ventricle through the apex. A pair of ultrasonic dimension transducers was implanted for the measurement of subendocardial segment length in the central area perfused by the LCCA as previously described.9
Experiments were initiated 2 weeks postoperatively, when the dogs appeared well and completely recovered from surgery. Left ventricular pressure, regional dimension, and LCCA flow were recorded while the animals were lying quietly on their right sides in the moming (8:00 A.M. to 9:00 A.M.) and afternoon (4:00 P.M. to 5:00 P.M.).
All variables were stored simultaneously on magnetic tape and played back on a multichannel recorder for analysis. Methods of calibration of pressure, dimension, and coronary blood flow velocity have been described elsewhere.9, 10 Regional myocardial stroke work was calculated by the formula: left ventricular peak systolic pressure x (end-diastolic segment lengthend-systolic segment length), where values of segment length were normalized to a 10 mm initial end-diastolic segment length. At autopsy, the LCCA was confirmed to be completely patent and attached tightly to the flow probe through the fibrous tissue. The ultrasonic crystals were found to be embedded in the inner one-third of the ventricular wall and there was no gross indication of myocardial infarction. All data points were averaged over 10 consecutive beats at a paper speed of 50 mm/sec. Paired data were compared by use of Student's t test. The level of statistical significance was p < .05, and all data are presented as the mean + SD.
Results
The tracings in figure 1 illustrate the diurnal change in coronary blood flow under the conditions of equivalent left ventricular pressure, segment shortening, and heart rate. The diurnal changes in hemodynamics and coronary blood flow are summarized in table 1 and individual changes in coronary blood flow velocity, heart rate, and regional stroke work are shown in figure 2. No significant changes in heart rate or left ventricular pressures were observed between the measurements in the morning and afternoon. End-diastolic segment length, systolic segment shortening, and normalized regional stroke work were also unchanged. However, coronary blood flow velocity increased from 18.8 + 4.3 cm/sec in the morning to 21.2 + 5.5 cm/sec in the afternoon (12.8% increase, p < .001). Values are mean + SD. HR = heart rate; LVPSP = left ventricular peak systolic pressure; LVEDP = left ventricular end-diastolic pressure; ( + )dP/dt = left ventricular peak positive dP/dt; EDL = end-diastolic subendocardial segment length; %oAL = systolic segment shortening; RSW = regional myocardial stroke work; CBFV = averaged circumflex coronary blood flow velocity.
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Discussion
We found in dogs that the resting coronary blood flow in the morning was substantially lower than that in the afternoon under comparable hemodynamic conditions. These findings suggest that coronary artery vasoconstriction is more severe in the early morning compared with the late afternoon. It is probable that under conditions of constant, low myocardial oxygen consumption, the reduction in coronary blood flow resulting from increased vascular tone is compensated for by increased oxygen extraction. In the presence of maximum myocardial oxygen extraction, autoregulatory vasodilation would adjust flow to maintain the oxygen delivery to the myocardium" and would mask diurnal variations in vasomotor tone.
In an attempt to unmask a-receptor-mediated coronary vasoconstriction, many investigators have used various combinations of selective agonists and antagonists for a-and ,3-adrenergic receptors and have confirmed the existence of sympathetic a-receptor vasoconstriction in both the anesthetized2 ' and conscious dog.4 It has been demonstrated that the a-receptor vasoconstriction induced by the intracoronary infusion of norepinephrine suppresses the metabolically related flow augmentation by about 30%. Such vasoconstric-tion results in a substantial increase in myocardial oxygen extraction. 3 To our knowledge, the present report presents the first documentation that coronary blood flow changes diurnally under constant, low myocardial metabolic requirements. These findings may have clinical relevance to the pathophysiology of vasospastic angina and may be of importance in the cardiac patient with a precarious myocardial oxygen supply-demand balance.
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